IMPORTANCE Improvements in symptoms, functional capacity, and quality of life are among the key goals of edge-to-edge transcatheter mitral valve repair (TMVR) for mitral regurgitation.
P ercutaneous edge-to-edge mitral valve repair has been shown to substantially reduce mitral regurgitation with low rates of periprocedural complications in patients with severe mitral regurgitation who are not eligible for surgery. 1, 2 Most patients who undergo transcatheter edge-toedge mitral valve repair (TMVR) have clinically significant improvements in functional capacity, which has been most often assessed with the physician-reported New York Heart Association (NYHA) class. 1 Patient-reported health status has also been shown to improve after TMVR, 3-7 but the sample sizes of these studies have been small, thus precluding more detailed investigation as to the factors that may affect recovery after TMVR. Improvements in patient health status (ie, heart failure symptoms, functional capacity, and quality of life) are among the key goals of TMVR, and thus an exploration of the health status outcomes of TMVR and the factors driving these outcomes is critical to understand the value of this procedure. Established in 2011, the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy (TVT) Registry is a US national registry of patients who undergo transcatheter valve procedures that is designed to explore and monitor patient outcomes, including health status, as procedures move outside of clinical trials. After the US Food and Drug Administration approval in 2013, data collection in the TVT Registry was extended to TMVR, and in this analysis, we report for the first time (to our knowledge) the health status outcomes of patients who underwent TMVR in routine clinical practice and the factors associated with the magnitude of benefit achieved.
Methods

Study Sample and Protocol
Details of the design, structure, and data elements for the TVT Registry have been published previously. 8, 9 Facilities are required to participate in the registry to obtain Medicare reimbursement; as such, the TVT Registry collects data on nearly all edge-to edge TMVR procedures performed outside of clinical trials in the United States. Sites collect data on patient demographics, comorbidities, hemodynamics, functional status, patient-reported health status, and outcomes. The TVT Registry has been linked by the Centers for Medicare and Medicaid Services to Medicare administrative claims data via direct patient identifiers to evaluate long-term clinical outcomes, including hospitalizations and survival. 10 Data quality checks are implemented at the National Cardiovascular Data Registry data warehouse and Duke Clinical Research Institute to optimize data completeness and accuracy. Registry activities have been approved by a central institutional review board. The Duke University School of Medicine institutional review board granted a waiver of informed consent for this study.
Health Status Assessment and Outcome Definition
The principal health status instrument for the TVT Registry is the 12-item Kansas City Cardiomyopathy Questionnaire (KCCQ-12), 11 a patient-reported disease-specific health status survey used to describe symptoms, functional status, and quality of life in patients with heart failure. 10, 12 The KCCQ-12 is collected by sites as part of the TVT Registry at baseline and at 30 days and 1 year after TMVR. The KCCQ-12 assesses 4 domains of health status associated with valvular heart disease (ie, physical limitation, symptom frequency, quality of life, social limitation), which are combined into an overall summary (KCCQ-OS) score. Domain scores and the KCCQ-OS score range from 0 to 100 points, with higher scores indicating less symptom burden, better functional status, and better quality of life. Linguistically and culturally validated translations are available for non-English speakers.
The KCCQ-OS score was categorized as very poor (<25 points), poor (25-49 points), fair (50-74 points), and good health status (≥75 points), 13, 14 and changes of 5, 10, and 20 points correspond to small, moderate, and large clinical improvements, respectively. 15 To integrate health status outcomes with survival, the status of being alive and well at 1 year after TMVR was defined as survival with good health status (defined as a KCCQ-OS score ≥60 points, which is roughly equivalent to New York Heart Association class I and II symptoms 15, 16 ) without any meaningful worsening (defined as a decrease of ≥10 points in the KCCQ-OS score from baseline to 1 year). 17 We also examined categorical outcomes at 30 days and 1 year according to clinically meaningful changes in KCCQ-OS score. Since survival status is a key part of the definition of these outcomes, only patients who were able to be linked with Medicare administrative claims were included in these categorical analyses.
Statistical Analysis
Baseline characteristics for the analytic cohort are presented as percentages for categorical variables and medians with interquartile ranges (IQR) for continuous variables. Patient mortality risk was estimated using the Society of Thoracic Surgeons Predicted Risk of Operative Mortality
Key Points
Question What are the health status outcomes after transcatheter edge-to-edge mitral valve repair (TMVR) in routine clinical practice?
Findings Analysis of a large, registry-based US cohort showed that health status was poor prior to TMVR, improved significantly within 30 days (with a mean Kansas City Cardiomyopathy Questionnaire score increase from 42 to 67 points), and remained stable through 1 year among surviving patients. Arrhythmias, lung disease, and poor baseline health status were independently associated with less health status recovery; high rates of missing health status data are a concern for this registry-based study.
Meaning While long-term mortality remains high among surviving patients with available data, the health status benefits of edge-to-edge TMVR appear to be robust and consistent across patients.
score, which has been validated for predicting 30-day mortality after surgical mitral valve replacement. 18 Changes in KCCQ scores from baseline were evaluated at 30 days and 1 year using paired t tests. Among patients with KCCQ scores at all 3 points, we also evaluated changes in KCCQ scores from 30 days to 1 year using paired t tests. Mean KCCQ-OS scores at 1 year were compared among key subgroups using analysis of covariance. These comparisons were adjusted for baseline KCCQ-OS scores, except for the comparison across categories of baseline KCCQ-OS scores. Rates of patients who were alive and well at 1 year were estimated for each subgroup and compared using χ 2 tests.
To explore factors associated with health status at 30 days after TMVR, we used multivariable linear regression with a generalized estimating equations approach to account for clustering of patients within sites. Nonlinearity (through the use of linear splines) and 2-way interactions were explored and retained in the model at a level of statistical significance of .05 or for clinical importance. After exploring the patient factors associated with 30-day health status, we added to the model the procedural complications of stroke, major or life-threatening bleeding, renal failure (defined by a new serum creatinine level of ≥3 mg/dL or the need for dialysis), and post-TMVR moderate or severe mitral regurgitation (categorized as 0-1+ vs 2+ vs 3+-4+). A similar analysis was not performed using 1-year outcomes owing to higher rates of missing data.
Missing Data
Although efforts to encourage collection of health status data have improved collection rates, missing data are an important consideration in any registry-based health status analysis.
9, 19 Overall, KCCQ data were available in 7528 of 9269 patients (81.2%) at baseline, 4226 of 6601 survivors at 30 days (69.3% of survivors), and 1124 of 3269 survivors at 1 year (47.4% of survivors) ( Figure) . To understand factors associated with missingness, we examined differences in baseline characteristics between surviving patients with and without 1-year KCCQ score data. Then, for the analyses examining factors associated with follow-up health status (health status outcomes among subgroups at 1 year and factors associated with 30-day health status), we used the inverse probability weighting approach to increase the weight of patients who were most like those with missing follow-up data, so as to minimize any bias because of missing data. 20 This was done by constructing a nonparsimonious multivariable logistic regression model among patients eligible for follow-up to determine the probability of having missing follow-up KCCQ data scores. We then weighted each of the patients in the analytic cohort by the inverse of the likelihood of having follow-up KCCQ data to better reflect the overall population of patients who had had TMVR. The rates of missing data on patient-level factors and in-hospital major complications were all less than 4%, except for mitral valve gradient (1754/4226 [41.5%]) and 6-minute walk distance (1382/4226 [32.7%]), and these 2 variables were not included in the multivariable models. Otherwise, missing data were imputed to the median for continuous variables and to the mode for categorical variables. All analyses were performed with SAS version 9.4 (SAS Institute), and statistical significance was defined as a 2-sided P value <.05.
Results
Study Sample
Between November 2013 and March 2017, 7504 patients at 240 sites underwent edge-to-edge TMVR and provided baseline health status data as part of the TVT Registry. The 30-day cohort included 4226 patients from 217 sites who survived 30 days and completed the KCCQ at baseline and follow-up ( Figure) . The 1-year cohort included 1124 patients from 142 sites who survived 1 year and completed the KCCQ instrument at both baseline and follow-up. Among 2583 patients who were eligible for 1-year follow-up and were linked to Medicare administrative claims (thereby allowing for evaluation of survival status), 595 patients (23.0%) died, and 1046 patients of the 1988 surviving patients (52.6%) were missing 1-year KCCQ data. There were few differences The median age for the 30-day analytic cohort (n = 4226; the primary analysis) was 81 (IQR 74-86) years, and 1979 patients (46.8%) were female, 1196 patients (28.4%) had undergone prior bypass graft surgery, 1104 patients (26.2%) had diabetes, and 596 patients (14.1%) were on home oxygen ( Table 1) . The median (IQR) Society of Thoracic Surgeons mortality risk score was 5.7% (3.6%-9.1%), the median (IQR) ejection fraction was 55% (40%-60%), 3761 patients (89.0%) had degenerative mitral regurgitation, and 3826 TMVR procedures (90.6%) were done on an elective basis.
Health Status Outcomes
At baseline, the mean (SD) KCCQ-OS score was 41.9 (24.0) points (Table 2) , indicating substantial impairment in health status prior to TMVR. At 30 days after TMVR, the KCCQ-OS scores had improved by a mean of 24.8 points to a mean (SD) score of 66.7 (24.5) points in the surviving patients. The largest improvement was observed in the quality of life domain (mean improvement, 33.5 [95% CI, 32.5-34.5] points), whereas the physical limitations domain improved the least (mean improvement, 18.1 [95% CI, 17.1-19.1] points). Integrating survival and health status into an estimate calculated with inverse probability weighting, 74.1% of patients were alive with a clinically relevant improvement in health status (increase of ≥5 points in KCCQ-OS score; eFigure 1 in the Supplement).
One year after TMVR, surviving patients continued to demonstrate substantial improvement in health status compared with baseline, with a mean (SD) KCCQ-OS score of 71.4 (24.0) points and a mean improvement from baseline of 29.1 points, with similar patterns of large improvements across all KCCQ domains (Table 2 ). Similar to the 30-day results, the lowest domain score at 1 year was physical limitations (mean [SD] score of 67.4 [28.2] points), with the remaining domain scores ranging from a mean (SD) of 71.6 (29.6) points to 73.9 (23.6) points. Among the 917 surviving patients with health status assessment at all 3 time points, mean KCCQ-OS scores increased significantly from baseline to 30 days (from 42.5 to 71.1 points; P < .001) with no further change from 30 days to 1 year (from 71.1 to 71.2 points; P = .94; eFigure 2 in the Supplement). Integrating survival and health status in estimates calculated with inverse probability weighting, we found that 63.0% of patients were alive with a clinically relevant improvement in health status, and 54.2% (95% CI 52.2%-56.1%) of patients were alive and well at 1 year after TMVR. Among patients with a poor outcome, this was because of death in 23.0%, persistently poor health status (KCCQ-OS scores <60 points) in 21.9%, and health status decline in 5.5%; 4.6% had both poor health status and health status decline.
Subgroup Comparisons
Among the surviving patients, there were modest differences in mean 1-year KCCQ-OS scores across subgroups of patients and the proportion of patients who were alive and well (Table 3) . Atrial fibrillation or flutter was associated with worse health status after TMVR (median [IQR] Lower rates of alive and well status were found in patients with lower left ventricular ejection fraction (patients with <30% ejection fraction, 46.6%; those with 30-45% ejection fraction, 46.0%; those with ejection fraction ≥45%, 57.0%; P < .001), severe lung disease (patients with no or mild lung disease, 56.3%; those with moderate lung disease, 50.5%; those with severe lung disease, 42.8%; P < .001), renal dysfunction (those with creatinine levels <2 mg/dL without dialysis, 56.5%; those with creatinine levels >2 mg/dL without dialysis, 41.3%; those on dialysis, 29.2%; P < .001), functional mitral regurgitation (those with functional mitral regurgitation, 45.5%; those without functional mitral regurgitation, 55.7%; P < .001), and a lack of device success (defined as post-TMVR mitral regurgitation ≤2+ with at least 1 grade improvement from baseline; in patients with device success, 55.0% vs patients without device success, 46.6%; P = .01), driven mainly by lower survival rates among these subgroups (since 1-year KCCQ-OS scores in these subgroups were similar to those in the overall population). There were no statistically significant differences in 1-year KCCQ-OS scores or rates of alive and well status according to sex or age. The lowest rates of alive and well status were among patients with very poor baseline health status (patients with KCCQ-OS scores of 0-25 points, 39.8%) and those with renal dysfunction (29.2% of patients requiring dialysis and 41.3% of patients with advanced chronic kidney disease [creatinine ≥2 mg/dL], vs 56.5% of those with less advanced or no renal dysfunction).
Factors Associated With Health Status Improvement After TMVR
In the multivariable model, patients who had better health status at baseline were more likely to have better health status at 30 days after TMVR, with every 10-point increase in baseline KCCQ-OS score associated with 3.9-point higher 30-day KCCQ-OS score (95% CI, 3.6-4.2; P < .001; Table 4 ). Both severe lung disease and home oxygen were independently associated with worse health status recovery, with associated changes of −3.9 points (95% CI, −6.2 to −1.5; P = .001) and −2.7 points (95% CI, −4.9 to −0.4; P =. 02)in 30-day KCCQ-OS scores, respectively. Rhythm issues were also associated with worse health status recovery. Specifically, history of atrial fibrillation was associated with a −2.2-point change in KCCQ-OS score (95% CI, −3.7 to −0.6; P = .01) and presence of permanent pacemaker was associated with a −2.1-point difference in KCCQ-OS (95% CI, −3.7 to −0.4; P = .01) at 30 days after TMVR. Older age (−0.5 points per 5-year increase [95% CI, −1.0 to −0.0]; P = .03), lower hemoglobin (0.6 point per 1-g/dL increase, [95% CI, 0.1-1.1; P = .02), and not having had prior coronary artery bypass graft surgery (2.0 points [95% CI, 0.3-3.7; P =. 02 ) were also independently associated with lower 30-day KCCQ-OS scores among surviving patients.
Several procedural complications were associated with impaired 30-day quality of life as well. After adjusting for patient factors, in-hospital renal failure (n = 206; −7.3 [95% CI −13.3 to −1.2] points), and residual 2+ mitral regurgitation (n = 1221; −3.1 [95% CI −4.6 to −1.6] points) and residual 3+ or 4+ mitral regurgitation (n = 216; −7.9 [95% CI, −11.1 to −4.7] points) were all associated with worse 30-day health status among surviving patients. In-hospital stroke (n = 11) and in-hospital bleeding (n = 103) were not significantly associated with 30-day health status. 
Discussion
In a large US cohort of patients who underwent edge-to-edge TMVR in routine clinical practice, we found that health status was markedly impaired prior to the procedure, improved quickly after TMVR, and remained stable through 1 year among the surviving patients. The mortality rate after TMVR remains high (23.0% at 1 year), owing to the age and comorbidities of the patients selected for TMVR, and this is particularly true for patients with advanced kidney or lung disease and those with very poor health status prior to TMVR. However, among patients who survive, the health status benefits of TMVR are fairly consistent across groups. While patients with a Analyses reflect use of inverse probability weighting to account for missing follow-up data.
b Defined as alive, with a KCCQ-OS scores of 60 points or more, without significant worsening of KCCQ-OS scores from baseline (decline of Ն10 points).
c Defined as moderate or less severe postprocedural mitral regurgitation with 1 or more grades of reduction in severity from baseline.
history of atrial fibrillation, permanent pacemaker, lung disease, home oxygen, and anemia had somewhat less health status improvement after TMVR, these effects were modest (<5-point differences in KCCQ-OS scores) compared with the overall benefit of the procedure. In-hospital bleeding, renal failure, and stroke were all uncommon (occurring in ≤5% of patients), further supporting the safety of the procedure. While residual mitral regurgitation occurred more often, it was associated with only a modest reduction in 30-day KCCQ-OS scores. Because one of the main goals of TMVR is health status improvement, this study helps clarify the benefit of TMVR and the factors that may modify the magnitude of benefit.
Comparison With Prior Studies
Similar to our results, a previous trial of surgical mitral valve repair vs replacement for ischemic mitral regurgitation showed a 22-point decrease (improvement) in the Minnesota Living with Heart Failure Questionnaire score at 1-year after valve repair, 21 which is roughly equivalent to a 25-point increase (improvement) in the KCCQ-OS score. 22 In contrast, 2 studies that examined change in patient-reported health status after TMVR both found mean reductions (improvements) of approximately 13 points in Minnesota Living with Heart Failure Questionnaire score, 3,5 which is roughly equivalent to a 14-point increase (improvement) in the KCCQ-OS score. 22 Importantly, however, these prior TMVR studies included a much higher prevalence of severe left ventricular dysfunction and functional mitral regurgitation than among patients currently treated with TMVR in the TVT Registry, which may explain some of the attenuation in health status recovery observed in these studies. For this reason, it will be important to explore the extent of health status improvement in the Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation (COAPT) trial and other randomized clinical trials examining the outcomes of TMVR in patients with functional mitral regurgitation. Understanding the clinical and anatomic or echocardiographic factors that identify patients who derive greater and lesser degrees of health status benefit from TMVR will help to define the optimal patient population for this therapy.
Implications
This study provides several novel insights. First, patients with residual mitral regurgitation after edge-to edge TMVR achieved less health status improvement compared with those whose mitral regurgitation was reduced 0 to 1+; however, this difference was only approximately 3 points for moderate regurgitation. While more investigation is needed to understand this association, these results suggest that aggressive efforts to reduce mitral regurgitation to mild may provide diminishing returns. Second, although no individual patient factors were associated with a large health status decrement, we identified a number of factors that, in combination, appear to characterize a cohort with less chance to benefit from TMVR (eg, a patient with severe lung disease on home oxygen with atrial fibrillation and a pacemaker). Furthermore, fewer than half of patients with certain characteristics (eg, advanced kidney disease or very poor baseline health status) were alive and well at 1 year. If these findings are replicated in future studies, these insights could help inform the shared decision-making process prior to TMVR, helping patients understand their potential for recovery beyond just providing results for so-called average patients. Finally, although monitoring health status outcomes is an important part of the mission of the TVT Registry and has been supported and encouraged by leaders in the field, the logistics of collecting these data in a predominantly elderly population as a part of routine clinical care has proven challenging. While we have used analytic strategies to handle these missing data such that we have reasonable confidence in the results, the degree of missing health status data at follow-up in the TVT Registry has been disappointing. As such, it will be important to develop strategies to improve collection of these data to improve the understanding of these critical outcomes. Potential approaches could include linking reimbursement of TMVR to a minimum threshold of health status ascertainment or providing direct financial support for collection of these data.
Limitations
First, health status data were missing in a relatively high proportion of surviving patients, particularly at the 1-year follow-up. Although patients with missing data were generally similar to those in the analytic cohort, we used inverse probability weighting to adjust for differences between groups to minimize any potential bias. In addition, given the high degree of missing data at 1 year, our exploration of factors associated with health status recovery was limited to the 30-day follow-up assessment. However, since we found that most (if not all) of the health status benefit of TMVR is evident within the first 30 days, it is likely that the same Age, per 5-y increase −0.5 (−1.0 to −0.0) .03
Hemoglobin, per 1-g/dL increase 0.6 (0.1 to 1.1) .02
Atrial fibrillation or flutter −2.2 (−3.7 to −0.6) .01
Severe chronic lung disease −3.9 (−6.2 to −1.5) .001
Home oxygen use −2.7 (−4.9 to −0.4) .02
Permanent pacemaker −2.1 (−3.7 to −0.4) .01
Prior coronary artery bypass graft 2.0 (0.3 to 3.7) .02
Abbreviation: KCCQ-OS, Kansas City Cardiomyopathy Questionnaire-overall summary score.
a Factors in the model that were not significantly associated with quality of life: sex, race/ethnicity, body surface area, prior myocardial infarction, percutaneous coronary intervention, peripheral artery disease, left ventricular ejection fraction, prior stroke, current smoker status, diabetes, glomerular filtration rate, current dialysis, moderate or severe aortic insufficiency, moderate or severe tricuspid insufficiency, and acuity of case.
b Analyses reflect use of inverse probability weighting to account for missing follow-up data. factors would be associated with long-term health status. Nonetheless, this concern remains relevant for residual mitral regurgitation, which may have a greater effect on long-term health status. Second, the long-term health status results are reported for surviving patients only, which is an important consideration given the high mortality rate among patients treated with TMVR. While we also report a composite endpoint that integrates survival with health status, it is possible that long-term health status benefits of TMVR in various subgroups could have been underestimated owing to differential attrition of the sickest patients in the comparator subgroup. Third, although the health status effects of TMVR appear to be durable over 1 year, it is important to note that all patients in this study received TMVR, and therefore we cannot exclude the possibility that some of the observed health status effects reflect a placebo effect.
Conclusions
In this national cohort study of US patients undergoing edge-to-edge TMVR in routine clinical practice, we found that disease-specific health status was substantially impaired prior to the procedure, improved rapidly thereafter, and remained stable through 1 year in surviving patients with available health status data. Although some patient factors (eg, arrhythmias and lung disease) were associated with less robust health status recovery, most of these effects were rather modest in isolation. Nonetheless, long-term mortality remains high among US patients who undergo TMVR (owing to the age and multiple comorbidities present in the TMVR population), such that only slightly more than half of patients treated were alive and well at 1 year after TMVR. Using these data to help inform the decision process prior to TMVR may help improve patient selection as well as patient expectations for recovery, particularly if a number of risk factors for worse health status are present in an individual patient. For a procedure that is currently reserved for patients who are poor candidates for valve surgery, is mainly performed to improve quality of life, and has low periprocedural risk, however, the health status outcomes of surviving patients are encouraging and support the continued use of edge-to-edge TMVR in selected patients who are poor candidates for cardiac surgery. 
